WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
G03F 7/207 



Al 



(11) International Publication Number: WO 98/47048 

(43) International Publication Date: 22 October 1998 (22.10.98) 



(21) International Application Number: PCT/DK98/00155 

(22) International Filing Date: 14 April 1998 (14.04.98) 



(30) Priority Data: 

415/97 
63/98 



1 4 April 1997 ( 1 4.04.97) DK 
16 January 1998 (16.01.98) DK 



(71) Applicant (for all designated States except US): DICON A/S 

[DK/DK]; S0nderskovvej 5, DK-8520 Lystrup (DK). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HENNINGSEN, Henning 
[DK/DK]; N0rregade 25, DK-8670 Lasby (DK). 

(74) Agent: HOFMAN-BANG & BOUTARD, LEHMANN & REE 
A/S; Ryesgade 3, P.O. Box 367, DK-8100 Arhus C. (DK). 



(81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model), ES, FI, FI (Utility model), GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK 
(Utility model), SL, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, 
SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report 

In English translation (filed in Danish). 



(54) Title: AN ILLUMINATION UNIT AND A METHOD FOR POINT ILLUMINATION OF A MEDIUM 




(57) Abstract 

The invention relates to at least one light emitter which is arranged to illuminate at least one illumination face via a microshutter 
arrangement, said microshutter arrangement comprising at least one microshutter, each microshutter comprising a transillumination hole 
and an electrically activatable diaphragm device associated with it, at least one of the light emitters being arranged to illuminate at least 
two microshutters via a first lens arrangement, said lens arrangement comprising at least one microlens arranged with respect to each 
microshutter so that the light emitted by the light emitter or emitters is focused in the individual microshutters. According to the invention 
it is possible to achieve an illumination over very large areas with an unprecedentedly high and homogeneous illumination intensity on an 
illumination face. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/47048 



PCT/DK98/00155 



1 



AN ILLUMINATION UNIT AND A METHOD FOR POINT ILLUMINATION OF A MEDIUM 
Field of" the invention 

5 

The invention relates to an illumination unit for point 
illumination of a medium as stated in the introductory 
portion of claim 1, and to a method of illuminating a me- 
dium as stated in the introductory portion of claim 19. 

10 

In the graphic industry, offset printing plates are tra- 
ditionally produced by copying a film containing the im- 
age to be printed on to the printing plate. 

15 This takes place in a print-down frame under vacuum to 
ensure close contact between film and printing plate. The 
film, whose photo emulsion is sensitive in a given range, 
e.g. 350-450 nm, is illuminated through the film by a 
powerful lamp, such as e.g. a xenon or mercury lamp, 

20 whereby the image from the film is transferred to the 
printing plate. 

The image on the film used has typically been produced in 
that a laser beam has drawn the image on the film in an 
25 image setter. The laser beam is turned on and off by 
means of a modulator which is controlled by digital in- 
formation . 

Thus two main process steps are involved: film manufac- 
30 ture and plate copying. 

It is evident that both time and money may be saved by 
skipping the film manufacture and directly illuminating 
the image on the plate on the basis of the digital infor- 
35 mation. This solution would be particularly advantageous 
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if it was possible to expose conventional commercially 
attractive printing plates. 

However, it is problematic to obtain digitally controlled 
5 illumination sources or more particularly laser sources 
which are capable of illuminating the conventional print- 
ing plates at the correct wavelength and with sufficient 
optical power. This problem is particularly pronounced in 
the UV region and the blue region in the 350-450 nm 
10 range. 

One way of obviating these circumstances may e.g. be to 
develop particularly highly sensitive plates which can be 
exposed by lasers at greater wavelengths. This technique 

15 is used today in so-called CtP machines (Computer-to- 
Plate Image Setters) . However, these printing plates are 
expensive to obtain, just as these highly sensitive 
printing plates must be handled in consideration of the 
fact that they are exposed in daylight. Thus, it would be 

20 an advantage in several respects if it was possible to 
achieve sufficient illumination of more commercially at- 
tractive printing plates with lower sensitivity, which 
may be achieved by increasing the light intensity on the 
printing plate itself. 

25 

This solution, however, will give new problems, since the 
only commercially available light sources like those men- 
tioned above do not provide sufficient optical power at 
the necessary wavelengths. 

30 

This problem may be obviated by using e.g. short arc 
lamps which can emit a greater optical power. 

This technical solution, however, involves further com- 
35 plications, as a lamp cannot be modulated in the same 
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manner as the known lasers, which may be solved, however, 
by a purely mechanical modulation of the light source. 

The present applicant's European Patents EP 0 642 423 and 
EP 0 643 645 disclose applications of the above-mentioned 
type, wherein a film or a printing plate is illuminated 
directly through so-called microshutters by a so-called 
direct exposure. However, these applications with in- 
creased illumination resolution requirements will be 
relatively complicated and expensive in their structure, 
since each microshutter is illuminated by an associated 
light source in the form of an optical fibre and associ- 
ated optics. In case of great illumination resolutions, 
these thus involve a very high complexity and the neces- 
sity of a very large number of optical fibres, which each 
have to be calibrated for the application concerned. In 
case of illumination systems of the above-mentioned type, 
the optical fibres will thus restrict the possible reso- 
lution in practice, just as the optical losses will be a 
limiting factor for the complete system, since utiliza- 
tion of this proximity exposure requires that the indi- 
vidual pinholes are illuminated evenly over the entire 
hole surface on the inlet side. If the light is merely 
conducted down toward the individual pinholes from e.g. a 
collimation lens, there will be a very great loss of 
light which falls outside the pinhole. If the light is 
focused down into the hole, e.g. by means of a microlens, 
the intensity profile of the light at the inlet to the 
hole will not be even, but resemble a Gauss curve, and 
only a small part of the beam can therefore be used to 
achieve an even illumination. 

The object of the invention is thus at first to achieve a 
modulator type which may be used in an illumination sys- 
tem for efficient and economic illumination of conven- 
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tional printing plates requiring a relatively high illu- 
mination intensity . 

Summary of the invention 

When, as stated in claim 1, at least one of the light 
emitters of the illumination unit is arranged to illumi- 
nate at least two microshutters via a first lens arrange- 
ment, said lens arrangement comprising at least one mi- 
crolens arranged with respect to each microshutter so 
that the light emitted by the light emitter is focused in 
or in the vicinity of the optical axis of the light chan- 
nel of the individual microshutters, an apparatus ex- 
tremely suitable for illuminating photo-sensitive media 
with a lower optical sensitivity is achieved. 

Light from the light emitter or one of the light emitters 
is thus focused in the individual microshutters, which 
can thus modulate the fed coherent light on an illumina- 
tion place. 

It has thus been found that when using commercially 
available plates sufficient "optical energy" or intensity 
may be provided from one light emitter to several mi- 
croshutters at the same time. Thus, according to the in- 
vention it will be sufficient to subdivide the microshut- 
ters used into smaller groups. 

This is achieved partly by the circumstance that it has 
been found to be mechanically possible to distribute a 
collimated light beam by subdividing this light beam into 
several light beams and focusing these in their respec- 
tive microshutters by means of the first arrangement of 
microlenses in accordance with the invention. Further, it 
has been found that this distribution involves remarkably 
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small optical losses, even though considerable optical 
losses might be feared by this division. 

Within the scope of the invention, the microlens arrange- 
5 ments may be constructed in several different ways. An 
example of a variation within the scope of the invention 
might be a multilayer line arrangement. 

It should be noted that power optimization in accordance 
10 with the invention may be achieved by focusing the entire 
or most of the light beam through the associated light 
channels without regard to a requirement for a flat in- 
tensity profile in the inlet of the entire light channel. 
A minimum or reduced power waste between the shutter ap- 
15 ertures may thus be achieved by suitable focusing. 

According to the invention, it is also possible to illu- 
minate several shutters by a light emitter in the form of 
e.g. an optical fibre end. 

20 

As the illumination of a medium thus takes place in par- 
allel using one or relatively few light emitters, this 
division makes it possible to achieve and maintain a high 
illumination intensity at the individual illumination 
25 points at a very high illumination rate. 

Thus, reproducible illumination of a medium is possible 
on the basis of stored digital data by high rate expo- 
sure, as a high illumination intensity allows the opening 

30 times of the individual microshutters to be reduced, 
which, however, also requires a reduced rise/fall time. A 
reasonable structure of the micromechanical shutters en- 
ables a rise/fall time to be achieved which is so small 
that the shutter arrangement according to the invention 

35 may be used also when the overall system involves a rela- 
tive movement between the illumination area and the illu- 
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mination arrangement, which may e.g. be the case in con- 
nection with a scanning over an illumination area. A 
small rise/fall time will thus cause the illumination 
spot to approach its ideal shape. 

According to the invention, a particularly advantageous 
embodiment of a microshutter will be achieved by a hole 
which forms a light channel through which light may be 
transmitted without dimming and without reflection 
through the use of e.g. mirrors, and where the aperture 
may be mechanically blocked and opened for transmission 
by means of an electrically activatable mechanical dia- 
phragm. The dimming in the light channel itself will ide- 
ally be zero. 

One of several distinct advantages of using the microme- 
chanical shutters is that these may transmit a relatively 
great light energy to the illumination area over a short 
time interval, and accordingly, in connection with the 
relative movement between shutter arrangement and illumi- 
nation area described above less allowance is to be made 
for the circumstance that a given point on the illumina- 
tion area is to receive a specific amount of light before 
the desired illuminated result is achieved. For example, 
greater allowance would have to be made if the same point 
was to be illuminated several times to achieve correct 
exposure. The invention also enables rapid and strong il- 
lumination of individual illumination points, even if the 
illumination is performed e.g. by scanning, just as it is 
possible to increase the rate of the scanning movement. 

Examples of photo-sensitive media may e.g. be printing 
plates, films, printed circuit boards (PCB) , etc. 
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It is noted that the invention effectively enables simul- 
taneous parallel modulation over a larger area at a very 
high illumination intensity. 

According to the present invention it is likewise poss- 
ible to achieve a very high on/off ratio, i.e. the ratio 
of how much light passes through a microshutter in the 
open state and the closed state, respectively. 

The shape of the light channel may be adapted to the in- 
dividual applications by suitable variation of e.g. 
cross- sect ion . 

Further, the invention allows a digital proof to be made, 
e.g. performance of correction, on the same machine as 
exposes printing plates. Production of a proof which is 
identical with the image on the printed paper is not 
possible with the traditional proofing methods without 
first having to expose a film, as is the case e.g. with 
the recognized proofing methods such as Cromalin and 
Matchprint . 

Thus, according to the invention it is possible to make 
an identical image on both proof paper and printing pa- 
per, and it will therefore be possible to obtain a proof 
which is in extremely good register with the finished 
print . 

This means e.g. that the invention provides a possibility 
of predicting moire problems in the print, the reason be- 
ing that it is possible according to the invention to 
modulate UV light directly and thereby generate the same 
raster dots on the traditional UV sensitive proof mate- 
rials as in the finished print. 
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An illumination source that may be used for performing 
the invention . may e.g. be a UV short arc lamp. Thus, a 
very high illumination intensity (radiant intensity) in 
the 350-450 nm range may be achieved by using a mercury 
5 short arc gap lamp. A radiant intensity of above 10 W/sr 
may be achieved hereby, which with one lamp is enough for 
achieving a reasonable illumination rate for a conven- 
tional offset plate. 

10 In an overall aspect, the invention thus enables modula- 
tion at a very high illumination intensity and at very 
small wavelengths, for which reason conventional inexpen- 
sive printing plates may be achieved. 

15 Another and very essential aspect of the invention and 
the use of the mentioned printing plates is that the 
lower light sensitivity also mentioned before is a great 
advantage in connection with both storage and handling, 
since these, in contrast to highly sensitive printing 

20 plates, can tolerate daylight for a certain period with- 
out being exposed. 

It will be appreciated that the invention can not only be 
used for exposing films and printing plates, but may ad- 
25 vantageously be used for illuminating other types of 
light-sensitive materials in totally different fields of 
use . 

When, as stated in claim 2, the illumination unit addi- 
30 tionally comprises a second microlens arrangement ar- 
ranged between the microshutters and the illumination 
face, so that light transmitted through the light channel 
of the individual microshutter is suitably focused on the 
illumination face, an advantageous illumination on the 
35 illumination face is achieved, as the light modulated 
through the shutters may be focused on the illumination 
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face to the light spot, whose shape and extent are pro- 
vided by the dimensioning and the structure of the opti- 
cal system. 

Since the intensity profile of the individual beams in 
the shutter aperture is non-uniform, the utilization of 
the optical energy is improved by using the second mi- 
crolens arrangement. This applies in particular in con- 
nection with light channels having a small diameter 
(pinholes) . The use of focusing optics on the outlet side 
of the microshutters thus provides a significant increase 
in efficiency, as the edge area of the beam profile is 
likewise focused toward the illumination point. 

When, as stated in claim 3, at least one of the light 
emitters is formed by an optical light guide which is op- 
tically connected to at least one light source, an advan- 
tageous embodiment of the invention is achieved, since 
light may selectively by conducted to the microshutter 
arrangements concerned in an easy manner with reduced op- 
tical losses. 

Optical guides are taken to mean optical fibres, selfoc 
guides, wave guides, etc. 

When optical guides are used as light emitters and when 
these are connected optically to a light source, it is 
thus possible to conduct a large amount of light to the 
illumination place in an optimum manner. This is particu- 
larly the case if arc lamps are used as the light source, 
since these emit considerably less well-defined light 
than is the case with e.g. lasers. 

It will moreover be possible to graduate the amount of 
light injected into each individual light guide, e.g. by 
using different grey filters depending on the radiated 
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intensity profile from the arc of the light source and 
the desired intensity level. 

When light guides, such as optical fibres, are used, the 
light source or sources may be positioned centrally at a 
distance from the modulation assembly, which facilitates 
service and cooling. 

An additionally degree of freedom is also obtained in the 
positioning of one or more light sources, which facili- 
tates design and construction. This is especially to be 
regarded as an advantage, recalling that the physical ex- 
tent of the light sources when mounted directly above the 
shutters without the use of light guides makes great de- 
mands on the dimensioning of an illumination system where 
a relatively high exposure resolution is desired. 

Considerations of space thus restrict the illumination 
system to a lesser degree, as it may be easier to arrange 
light guide ends than light sources directly above the 
microshutter arrangements, since fibre ends usually have 
a smaller extent than the light sources. 

The use of light guides or optical fibres as light emit- 
ters capable of being connected optically to a light 
source also makes it possible to produce some very com- 
pact illumination units which may be built together to 
larger illumination units in a relatively simple manner, 
just as it is possible to build these illumination units 
together primarily in consideration of the physical illu- 
mination conditions that might be needed, as the critical 
optical transmission between the illumination source and 
the individual illumination points or the complete illu- 
mination place is not critical with respect to the physi- 
cal position of the individual illumination units or the 
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necessary position of the light sources in the complete 
i llumination system . 

It will likewise be possible to position the light 
5 sources at a distance from sensitive components that 
might be included in the structure, and the construction 
of the complete arrangement may therefore be simplified 
much, which should be seen as a particular advantage when 
using a large number of laser sources. 

10 

Finally, it should be noted that an optical fibre is ho- 
mogenizing or "beam-cleaning" over a certain length, 
typically a couple of metres, and the light emitted by 
the light source therefore undergoes automatic correction 
15 before being conducted toward the illumination place or 
the illumination face and the modulation optics. 



When, as stated in claim 4, the optical light guide (s) 
is (are) formed by optical fibres, a particularly advan- 

20 tageous embodiment of the invention is achieved, since 
optical fibres are relatively easy to handle with respect 
to conventional optical systems. This is pronounced in 
connection with relatively complicated optical systems 
where conventional transmission optics without light 

25 guides cannot handle a larger number of subillumination 
systems each having a light emitter of its own. 



When, as stated in claim 5, at least one of the light 
sources is formed by a short arc lamp, it is possible to 

30 achieve a very high illumination intensity over a very 
large number of microshutters and thereby over a large 
illumination area, as it is possible to achieve a rela- 
tively greater power at the given desired wavelengths 
than it is possible to achieve by means of e.g. commer- 

35 cially available laser sources. 
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The advantage achieved is extremely pronounced when the 
number of illumination sources is to be restricted, as 
the state of the art short arc lamps have an advantage 
over laser sources, so that a single lamp can illuminate 
5 greater illumination faces via modulating microshutters . 

For example, the desired radiant intensity in the 350-450 
nm range may be achieved by using a mercury short arc gap 
lamp. A radiant intensity of above 10 W/sr may be 
10 achieved hereby, which with one lamp is enough to achieve 
a reasonable illumination rate for a conventional offset 
plate . 

The invention thus opens up the possibility of achieving 
15 an unprecedentedly homogeneous illumination intensity 
over a larger area in a relatively simple manner. 

When optical fibres are used for absorbing the optical 
power from an arc lamp, waste power because of the physi- 
20 cal shape and structure of the light source may be 
avoided in a simple and optimum manner, as optical fibres 
may be positioned relatively freely and as needed in the 
light fields of the arc lamp. 

25 Optical fibres also provide the possibility of adding the 
illumination intensity over the illumination area. 

The fibres may e.g. also be assembled in a large fibre 
bundle which is positioned expediently with respect to a 
30 concentrated light beam gathered by means of a reflector 
in which the light source is positioned. 

When, as stated in claim 6, the light source comprises a 
short arc lamp having light receiving optical light 
35 guides or fibres which are arranged within an angle of 
+ /- 75° with respect to the equator axis E of the lamp on 
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a ball face around the lamp, and which are optically con- 
nected to and conduct light to the light emitters, an ad- 
vantageous embodiment is achieved without the use of a 
reflector according to the invention, as light from a 
5 short arc lamp is received optimally in the individual 
fibres which may thus be arranged on a ball face having 
the same shape as the bulb at a distance from it. 

According to an example of a concrete use, the fibre con- 
10 nection comprises about 150 optical fibres arranged be- 
tween the short arc lamp and the microshutter array. 

Thus, it appears that it is attractive according to the 
invention to use a lamp, e.g. a UV lamp, as the otherwise 
15 somewhat disuniform light orientation and intensity of 
the lamp may be absorbed and utilized by correspondingly 
oriented optical guides, which subsequently conduct to 
and illuminate the face illumination system used. 

2 0 The lamp may e.g. be a mercury short arc lamp. 

When a plurality of light receiving ends is distributed 
over the ball face of the lamp, it is also possible to 
adjust the light absorption in the light receiving ends 
25 of the light guides by adjusting their position with re- 
spect to the lamp and its radiation profile. 

Another possible embodiment might be to construct the 
light source with a reflector, as mentioned above, coated 
30 with a suitable filter coating and a fibre bundle suit- 
ably oriented with respect to it. Such filtering will 
then normally require cooling of the reflector. 

An advantage of such a collection of the light energy is 
35 that the method is very controllable, and that the method 
can provide a homogenized input in a relatively easy man- 
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ner on the light guides oriented with respect to the re- 
flector. A further advantage of such a reflector collec- 
tion and prefiltering is that mounting and service may be 
facilitated considerably . 



When, as stated in claim 7, at least one of the light 
sources is formed by a laser source, an additional advan- 
tage is achieved according to the invention, as the nec- 
essary illumination power over a larger illumination area 
may be summed up by means of several laser sources. 



Further, according to the invention, the use of laser 
sources involves a reduced loss of energy and thereby an 
increased efficiency, partly because of the possibility 
of reduced injection loss, and partly because of a con- 
siderably higher degree of utilization of the light 
source. Where a 2000 W arc lamp can typically generate a 
power in the desired wavelength region of 20 W in the 
form of modulated light points on the photo-sensitive me- 
dium, i.e. about 1%, then a diode laser with a well-de- 
fined wavelength can typically generate an order of 5% of 
the power. 



The light from a laser source is elliptic and astigmatic, 
which must be corrected in the optical system. When using 
a fibre, the light is distributed in the fibre and the 
fibre emits a considerably more uniform, "mixed" beam 
which requires less optical correction. 



When the illumination source is thus face-summed as sev- 
eral laser sources, it is possible to increase the illu- 
mination homogeneity over the illumination face, as the 
laser sources may be adjusted individually with the pur- 
pose of achieving a homogeneous illumination of the indi- 
vidual microshutter arrangements with simultaneous 
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achievement of an increase in the efficiency of the com- 
plete system. . 

The laser sources may e.g. be of diode lasers, solid 
5 state lasers, gas lasers, liquid lasers, semiconductor 
lasers or the like. 

When, as stated in claim 8, the activatable diaphragm de- 
vices are formed by plates which are pivotally hinged to 
10 the microshutter arrangement, an advantageous embodiment 
of the invention is achieved. 

When, as stated in claim 9, the illumination unit com- 
prises a light emitter in the form of a light guide opti- 

15 cally connected to a light source and arranged to illumi- 
nate a plurality of microshutters arranged in a given 
face shape, at least one collimation lens being arranged 
between the light emitter and the face shape so that col- 
limated light is conducted toward the plurality of mi- 

20 croshutters by the first microlens arrangement associated 
with the microshutters, an advantageous subdivision of 
microshutter arrangements and associated optics is 
achieved, capable of forming part of a complete, subdi- 
vided illumination system. 

25 

It should be noted that the illumination unit may be con- 
structed as a compact unit with microshutter, optics and 
integrated light guides or optical fibres, so that the 
unit as such may be marketed as a compact and adjusted 
30 unit which is only to be adjusted with respect to a light 
source used in a given application. 

When, as stated in claim 10, the face shape of the mi- 
croshutters forms a hexagon, a face shape of the mi- 
35 croshutter arrangement is achieved which may be built to- 
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gether with and cooperate with corresponding microshutter 
arrangements in a simple manner. 

In addition to the above-mentioned geometrical conditions 
5 in connection with corresponding microshutter arrange- 
ments, a hexagonal face shape has the advantage that it 
is possible to achieve a relatively great degree of fill- 
ing when using a light emitter which illuminates the mi- 
croshutter arrangement with a circular cross-section. 

10 

The degree of filling of a hexagonal face shape is thus 
about 83%, which should be seen in relation to a degree 
of filling of about 63% for a square face shape with re- 
spect to a circumcircle . 

15 

In addition, a hexagonal face shape has the advantage 
that it is possible to distribute the individual mi- 
croshutters over the face shape in a simple manner so 
that the desired illumination distribution is achieved. 

20 

However, also many other face shapes may conceivably be 
implemented within the scope of the invention. 

When, as stated in claim 11, the illumination unit com- 
25 prises at least eight hexagons which each are illuminated 
by an optical fibre optically connected to an illumina- 
tion source, a modular element illumination system is 
achieved, which can easily be built together to a desired 
illumination characteristic where each hexagon is fed by 
30 an illumination source via an optical fibre. 

When, as stated in claim 12, the individual microshutters 
with associated microlens optics are positioned in rows 
in the transverse direction T of the face shape with the 
35 microshutters at a given mutual distance, said rows being 
mutually offset in the longitudinal direction of the 
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rows^ it is possible to achieve an increased illumination 
resolution. 

When, as stated in claim 13, the rows are arranged such 
that the projection of all the individual microshutters 
on the transverse direction T in the face shape results 
in a plurality of illumination points at a mutual dis- 
tance AL in the transverse direction T, an advantageous 
embodiment of the invention is achieved, as the face 
shape may advantageously be used for e.g. scanning or a 
similar motion illumination where an illumination resolu- 
tion is smaller than the smallest possible distance be- 
tween the microshutters. 

When, as stated in claim 14, the first and/or the second 
lens arrangement is formed wholly or partly by hexagonal 
focal lenses, a particularly advantageous geometrical 
shape of the lens arrangement is achieved, as hexagonal 
lenses may be packed more densely than circular lenses, 
which additionally allows the efficiency of the system to 
be increased. 

When, as stated in claim 15, the face shape or shapes of 
the microshutters are arranged on one or more illumina- 
tion heads, said illumination head and said illumination 
face being adapted to perform a mutual relative movement 
across an illumination area, said device being also pro- 
vided with a control unit for controlling the microshut- 
ters in dependence on the relative movement between the 
rod and the illumination face, an advantageous alterna- 
tive to flash exposure is achieved, as the illumination 
unit may thus be used for illuminating larger illumina- 
tion areas, just as the illumination resolution may be 
increased. 
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It will be appreciated that the relative movement between 
each illumination head and the illumination area may be 
performed by fixing each illumination head and moving the 
illumination area, by fixing the illumination area and 
moving each illumination head, and by moving illumination 
head(s) as well as illumination area. 

The movement across the illumination face may inter alia 
be arranged in dependence on the structure and shape of 
the movable unit. For example, a discrete illumination 
unit with a plurality of shutters may be moved around the 
illumination face by stepwise movement, whereby a given 
exposure may be achieved as a summing of discrete illumi- 
nation faces to a total area. 

When, as stated in claim 16, the movable unit is formed 
by a rod, the relative movement between the illumination 
face and the rod being a single progressing movement in 
the transverse direction of the rod, a particularly ad- 
vantageous embodiment of the invention is achieved, since 
such a scanning may give a total illumination in the en- 
tire transverse direction of the illumination face, 
thereby avoiding boundary lines between discrete illumi- 
nation zones so that the positioning uncertainty in the 
exposure of points transversely to the direction of move- 
ment over the total exposure is substantially reduced to 
the mutual positioning uncertainty between the individual 
microshutters of the illumination unit and uncertainty in 
the guidance. 

When, as stated in claim 17, each individual microshutter 
is formed by an oscillating diaphragm element movable to 
and fro between two positions, said oscillating diaphragm 
element being suspended so that elastic forces act toward 
an equilibrium position between the two positions, said 
illumination unit additionally comprising a control unit 
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for controlling the oscillating diaphragm element by 
means of electrostatic forces, said diaphragm element 
blocking the light channel of the microshutter in one of 
the two positions, it is possible to achieve rapid modu- 
lation since the natural frequency of the oscillating 
element, as a function of the oscillation parameters of 
the element, such as mass, elasticity and geometry as 
well as internal and external forces, determines the 
switching time of the microshutter . 



The response time of the individual microshutters to a 
given control signal from the control unit is thus en- 
hanced by the natural frequency of the oscillating sys- 
tem, which may thus be dimensioned to the desired switch- 
ing time. 



Other microshutter types may e.g. be constructed without 
significant contributions from the above-mentioned elas- 
tic suspension, as the diaphragm element of the shutter 
may be pulled from position to position primarily by 
means of electrodes positioned all the way along the dia- 
phragm element and its arm. 



When, as stated in claim 18, the illumination unit be- 
tween the microshutter arrangement and the illumination 
face additionally comprises optical means for spreading 
the light beams emitted by the light channels over the 
illumination face, it is possible to perform flash expo- 
sure over a larger illumination are, since the optical 
means for spreading the light beams emitted by the light 
channels ensure that the microshutter arrangement can il- 
luminate an area which corresponds to the extent of the 
associated microshutter arrangement, and can also cover 
the blind areas inter alia between the various modular 
elements in the illumination system. 
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When the cross-section of the light channels has the 
greatest diameter at the lower termination of the light 
channel toward the illumination face, then light may be 
conducted in the best possible manner through the mi- 
5 croshutter if the individual shutter plates are posi- 
tioned at or above the upper termination of the light 
channel, it being recalled that it is typically intended 
to focus light from the first microlens arrangement on 
the shutter plate itself. 

10 

When at least one of the light channels is conical, with 
the largest diameter at the lower termination of the 
light channel toward the illumination face, an advan- 
tageous embodiment of the invention is achieved. 

15 

Drawings 



The invention will be described more fully below with 
reference to the drawings, in which 

20 

fig. 1 shows the invention in its basic form, 



fig. 2 shows an example of how light emitters 

may be connected to a light source, 

25 

fig. 3 shows a further example according to 

the invention in which the light 
sources are formed by laser diodes, 



30 fig. 4 shows a further example according to 

the invention in which the light emit- 
ters are formed by light guides, 



f ig . 5 

35 



shows the structure of a further illu- 
mination unit according to the inven- 
tion, 
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fig. 6 shows a scanning unit according to the 

invention, 

5 figs. 7-10 illustrate the mode of operation of an 

illumination unit having a large number 
of microshutters according to the in- 
vention, 

10 figs. 11 and 12 show illumination modules for scanning 

according to the invention, 

fig. 13 shows a structure of illumination mod- 

ules according to the invention for 
15 flash exposure, 

fig. 14 shows a cross-section of the illumina- 

tion modules shown in fig. 13, and 

20 fig. 15 shows examples of the shape of light 

channels according to the invention. 

Example 

25 Fig. 1 shows an example according to the invention. 

An apparatus for point illumination of a medium 9 com- 
prises a light emitter 1 arranged at a distance from a 
lens arrangement consisting of microlenses 2 and a mi- 
30 croshutter arrangement consisting of a plate element with 
a plurality of apertures 6 and associated diaphragm ele- 
ments 4 . The diaphragm elements 4 are individually elec- 
trically activatable by displacement or rotation. 



35 Microshutters or light valves are taken to mean transmis- 
sive light diaphragms in a broad sense, and these may 
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e.g. be formed by micromechanical shutters. The individ- 
ual shutter elements may e.g. be of the type described in 
French Patent Application No. 9412928 or, the correspond- 
ing EP-A 709 706, it being decisive according to the in- 
5 vention that the light to be modulated is transmitted di- 
rectly through the individual microshutter to achieve a 
minimum transmission loss. 

It should be noted in this connection that the microshut- 
10 ters described in the above-mentioned patent application 
may be particularly advantageous in connection with this 
invention, since the microshutters must (and can) have a 
very small rise/fall time if a reasonably well-defined 
spot is to be achieved on a photo-sensitive medium during 
15 mutual movement between the illumination arrangement and 
the medium. It should moreover be noted in this connec- 
tion that according to the invention it is possible to 
have a relatively small illumination time on the individ- 
ual illumination points because of the high transmitted 
20 light effect. 

Each light valve has at least one individually address- 
able open and closed state, in which states minimum dim- 
ming and maximum dimming, respectively, is exhibited 
25 relatively to the passage of the light through the asso- 
ciated light channel. 

In this connection micromechanical shutters have the ad- 
vantage that the dimming in the above-mentioned two 
30 states is actually optimum, as the dimming of the light 
is physically provided by a micromechanical plate or the 
like which simply blocks light passage in the state of 
maximum dimming and in principle gives rise to no dimming 
of the light beam in the state of minimum dimming. 



35 
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The function of the shown example is that a gathered col- 
limated light beam A is focused in the apertures 6 of the 
microshutter arrangement so that the diaphragm elements 4 
in the position shown in fig. 1 block light passage, 
5 while, in their open state, they permit light passage 
through the apertures 6 so that an illumination point as- 
sociated with the individual aperture 6 on the medium 9 
is illuminated. 

10 It should be noted that the present embodiment is par- 
ticularly simple in its structure since no focusing op- 
tics are used between the apertures 6 and the medium 9. 

This technique is described in its basic form in EP 0 642 
15 423 Bl, the medium 9 or the illumination plane being ar- 
ranged precisely in the transition between the Fresnel 
region and the Frauenhofer region of the light beams. 

It should moreover be noted that in a suitable embodiment 
20 of the microshutter arrangement the shutter plates may 
also be positioned on the underside of the wafer plate 
oriented toward the illumination face or the medium 9. 

Fig. 2 shows a cross-section of a further embodiment of 
25 the invention. 

An illumination system comprises a plurality of mi- 
croshutter arrangements (not shown) which each are opti- 
cally connected to a plurality of optical fibres 13, 
30 which are moreover optically connected to an arc-shaped 
absorption jacket 11, 12 which together extend 360° 
around the axis of a short arc lamp 10. 

The optical fibres 13 are fixed on the absorption jacket 
35 so that these absorb light 360° round the lamp in an area 
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on the absorption jacket 11, 12 between an upper angle Ua 
and a lower angle La. 

The angles Ua and La are adapted to the concrete short 
5 arc lamp 10 used. For an Hg short arc lamp, Ua and La may 
e.g. be selected at + 60° and - 30° with respect to the 
equator plane E of the lamp. 

The actual position and fixing of the individual fibres 
10 13 on the absorption jackets 11, 12 with respect to the 
angle between these and the equator plane may likewise be 
selected with respect to the intensity profile of the 
lamp concerned. 

15 Each optical fibre 13 may thus illuminate a subsystem, 
which may e.g. correspond to the one shown in fig. 1 
where the light emitting end 13 of the optical fibre cor- 
responds to the light emitter 1 . 

20 According to an embodiment the number of optical fibres 
13 around the absorption jacket 11, 12 will be about 150, 
which each may thus illuminate a microshutter system op- 
tically connected thereto. 

25 According to the present embodiment each optical fibre 
may illuminate 5-600 light channels and thereby distrib- 
ute the light from the fibre in a corresponding number of 
smaller light beams. 

30 Thus, according to the invention it is possible to 

achieve a homogeneous illumination of the microshutters 

and thereby the illumination face while maintaining a 
good efficiency. 

35 According to the shown embodiment of the invention the 
number of the necessary light guides between the light 
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source and the illumination face is reduced by a factor 
of 5-600 with .respect to having a separate light guide 
for each light channel, while maintaining a homogeneous 
illumination over the entire illumination face. 

5 

The fibres 13 may advantageously be distributed to the 
microshutter systems so that the intensity difference be- 
tween two adjacent fibres does not exceed a given maximum 
limit, or so that two adjacent fibres, if the maximum 
10 limit is exceeded, do not lead to two adjacent microshut- 
ter arrangements . 

Fig. 3 shows a further embodiment according to the inven- 
tion where a laser diode is used as a light source. 

15 

Laser diodes 21 are thus positioned in a fixture 20 for 
illuminating a collimation lens 22, a first microlens ar- 
rangement 23, a microshutter arrangement arranged in a 
wafer plate 25 with light channels 26 and associated dia- 
20 phragm elements 24, a second microlens arrangement 27 and 
finally an illumination plane 28. 

It should be stressed that for clarity the shown figure 
does not show a typical application for e.g. image expo- 
25 sure, as the collimation lens 22 in such applications 
will typically illuminate a much larger number of mi- 
crolenses and associated shutters. 

The individual diaphragm elements 24 are opened and 
30 closed, i.e. modulated, in dependence on stored digital 
data and a possible given relative movement with respect 
to the illumination plane 28. 

The laser diodes 21 thus emit a light beam which is col- 
35 limated in the collimation lens 22 to a light beam A T . 
The light beam A 1 is subsequently conducted to the mi- 
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crolens arrangement 23, which focuses the light beam A 1 
to a number of light beams B 1 in the light channels 26 of 
the microshutter arrangement, from which ±he light beams 
C T are conducted to the second microshutter arrangement 
5 27 in which the individual beams D T are focused on the 
illumination plane 28 as illumination spots with a spot 
diameter Sd. This is not drawn to scale in the figure for 
clarity. 

10 Each light emitter may illuminate 5-600 light channels in 
a specific application. A resolution according to the in- 
vention may e.g. be selected at 2540 DPI, i.e. 10 |im be- 
tween the points. 

15 The diameter of the collimation lens 22 is 5-10 mm, and 
the individual microlenses in the microlens arrangements 
23 and 27 have a diameter of 2-300 jam. The centre dis- 
tance betwen the microlenses is likewise of the order of 
2-300 |Lim, which thereby also corresponds to the distance 

20 between the holes in the wafer plate 25. The individual 
light channels 26 in the wafer plate 25 typically have a 
smallest diameter of 20-40 jam, and the shutter plate 24 
itself is slightly larger so that it can cover the hole 
completely. The spot diameter Sd of the illumination 

25 plane 28 may be 12-25 \xm according to the present embodi- 
ment . 

The on-off ratio (the ratio of how much light gets 
through an open shutter and a closed shutter, respec- 
30 tively) is of the order of 1000:1 or better, which is 
about 10 times better than for the best known LCD chips. 

It will be appreciated that according to the invention a 
collimation lens may, and in some cases should, be con- 
35 structed as a system of collimation lenses in order to 
achieve a higher efficiency. 
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Fig. 4 shows an embodiment which is constructed like the 
one shown in fig. 3 in its basic form. 

5 Light guides 29 are thus positioned in a fixture 20 for 
illuminating a collimation lens 22, a first microlens ar- 
rangement 23, a microshutter arrangement arranged in a 
plate 25 with light channels 26 and associated diaphragm 
elements 24, a second microlens arrangement 27 and fi- 
10 nally an illumination plane 28. 

It should be stressed that for clarity the shown figure 
does not show a typical application for e.g. image expo- 
sure, as the collimation lens 22 in such applications 
15 will typically illuminate a much larger number of mi- 
crolenses and associated shutters. 

The individual diaphragm elements 2 4 are opened and 
closed, i.e. modulated, in dependence on stored digital 
20 data and a possible given relative movement with the il- 
lumination plane 28. 

Optical fibres 29, or light guides with adapted optical 
properties, emit a light beam which is collimated in the 

25 collimation lens 22 to a light beam A T . The light beam A T 
is subsequently conducted to the microlens arrangement 23 
which focuses the light beam A 1 to a plurality of light 
beams B T in the apertures 26 of the microshutter arrange- 
ment, from which the light beams C T are conducted to the 

30 second microlens arrangement 27 where the individual 
beams D 1 are focused on the illumination plane 28 as il- 
lumination spots. 

What is decisive in this application is thus that the in- 
35 dividual microshutter groups receive light from a light 
source via the shown optical fibres. 
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As shown, it is thus possible to place the individual mi- 
croshutters in primary consideration of , their necessary 
or desired position with respect to the actual illumina- 
5 tion of the illumination face, following which light may 
be conducted to the microshutter groups without any 
greater technical difficulties via the shown optical 
fibres or other forms of light guides having correspond- 
ing properties. 

10 

Fig. 5 shows an example of a microshutter architecture 
according to the invention, seen from above. 

A scanning rod 30 for movement in the direction X com- 
15 prises a number of hexagons 32 which each comprise a 
large number of microshutters according to the invention. 

Each hexagon comprises a microshutter arrangement corre- 
sponding to those shown in fig. 4, said microshutter ar- 
20 rangement comprising 400-600 light channels with associ- 
ated microlens arrangement and diaphragm elements 26. 

Each hexagon 32 is illuminated by an optical fibre ar- 
ranged above it via a collimation lens 31 corresponding 
25 to the one shown in fig. 4. 

The subareas 34 and 38 constitute so-called zones of 
overlap in the longitudinal direction of the scanning rod 
30, said zones of overlap being so arranged mutually that 

30 by movement of the scanning rod 30 in the direction X 
with suitable temporal synchronization determined by the 
relative rate between the scanning rod and the underlying 
light-sensitive medium, the individual microshutters of 
the scanning rod 30 may illuminate illumination points 

35 spaced equidistantly on this medium. 
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A projection of the illumination points of all the mi- 
croshutters in. the hexagons in the longitudinal direction 
of the scanning rod 30 will thus provide illumination 
points at the same distance in the entire longitudinal 
direction of the scanning rod 30. 

A detailed section of the individual microshutters in the 
hexagon according to the invention illustrated above is 
shown in figs. 7-9. 

Fig. 6 shows a cross-section of a scanning arrangement 
40. 

The overall purpose of using a scanning rod for perform- 
ing the invention is to achieve a greater resolution than 
permitted by the dimensions of the selected microshutters 
and also to achieve an economically advantageous struc- 
ture of the system. 

The scanning arrangement 40 can perform a relative move- 
ment in the direction X relative to the substrate 41 by 
moving means (not shown) . The scanning arrangement 40 
comprises a scanning rod 30 which corresponds to the one 
shown in fig. 5. 

The shown scanning arrangement is capable of performing a 
relatively rapid scanning movement while maintaining an 
effective illumination with a high illumination inten- 
sity, high on/off ratio, high illumination resolution and 
a small rise/fall time. 

Figs. 7-9 show a section of a microshutter arrangement 
according to the invention, in which the individual mi- 
croshutters are arranged in a face shape of rows 61, 62, 
63, 64, 65 and 66. 
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For clarity, only the microlens 50 associated with the 
individual microshutter and the light channel 51 provided 
in the microshutter are shown. 



5 Each microshutter with associated optics has a maximum 
extent which corresponds to the centre distance between 
the associated microlenses 50, which, according to the 
illustrated example, is about 100 |am, and the light spots 
on the underlying photo-sensitive medium (not shown) as- 
10 sociated with the individual microshutters are about 12- 
25 |iim with a resolution of about 10 [xm and 10 rows of 
shutters . 



The rows 61, 62; 63, 64; 65 and 66 are mutually offset by 
15 half the effective mutual distance, while the rows 62, 
63; 64, 65 are mutually offset by half the effective mu- 
tual distance plus the desired resolution. 

In practice, each microshutter will typically have an ex- 
20 tent of about 250 |um, and a larger number of rows in the 
microshutter array is therefore required with a resolu- 
tion of about 10 |nm. 

It is shown in fig. 7 how the row 61 passes a scanning 
25 line SL during movement of the scanning arrangement, 
which allows addressing and modulation of the scanning 
line in the points shown on the line BL 1. 



It is shown in fig. 8 how the row 62 passes the scanning 
30 line SL during movement of the scanning arrangement, 
which allows addressing and modulation on the scanning 
line in the points shown on the line BL 2, where the 
points 61 1 originate from the microshutter row 61 and the 
points 62 1 originate from the microshutter row 62. 



35 
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It is shown in fig. 9 how the row 63 passes the scanning 
line SL during movement of the scanning arrangement, 
which allows addressing and modulation on the scanning 
line in the points shown on the line BL 3, where the 
5 points 61 T , as shown in fig. 8, originate from the mi- 
croshutter row 61 and the points 62 ? originate from the 
microshutter row 62, and where the points 63 1 originate 
from the microshutter row 63. 

10 It is shown in fig. 10 how a summed image may be formed 
when all ten rows (of which only the rows 61-66 are 
shown) have passed the scanning line, with the light 
spots 61 T -66 f corresponding to the rows 61-66. 

15 It should be stated in connection with figs. 7-9 that the 
individual microlenses associated with each shutter may 
e.g. be constructed as hexagonal lenses, thereby allowing 
light losses to be minimized by preventing light from 
falling outside the microlenses. 

20 

Fig. 11 shows a further example of an illumination module 
according to the invention. 

The illumination module 80 comprises eight hexagonal 
25 faces 81 which each comprise 400-600 microshutters (not 
shown) according to the invention and associated optics. 
Each hexagon is illuminated by collimated light 82 from 
an optical fibre (not shown) . The basic structure of the 
individual hexagonal faces is as shown in fig. 4. The op- 
30 tical fibres are connected to an UV light source in the 
form of an Hg short arc lamp. 

The individual illumination modules may be positioned mu- 
tually with an accuracy of about ± 1 jam. 

35 
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The hexagonal faces 81 cooperate mutually so that the 
zones of overlap together form an illumination array cor- 
responding to the illumination array which is outside the 
zones of overlap. 

5 

The microshutters of the hexagonal faces 81 are electri- 
cally connected to a control unit which, on the basis of 
e.g. an RIP (Raster Image Processor) provides the neces- 
sary control data for the microshutters, and opens and 
10 closes the individual microshutters synchronously with 
the relative movement between the scanning rod and the 
light-sensitive medium. 

The geometrical shape of the illumination modules 80 en- 
15 sures that the modules 80 may be built together in a 
simple manner to e.g. a scanning rod having a length as 
desired. 

Each of the shown illumination modules is illuminated by 
20 eight optical fibres (not shown) according to the present 
example . 

The illumination modules 80 may be produced as compact 
modules with integrated collimation optics and optical 
25 fibres, so that the modules are ready calibrated and 
"ready to go" by connecting and adjusting the optical 
fibres with a light source in a simple manner, just as 
one or more electrical gates (not shown) may be connected 
to one overall control processor unit (not shown) . 

30 

The illumination modules may e.g. be used in a scanning 
unit corresponding to the one shown in fig. 6, with 24 
illumination modules 80 (LSAs, Light Screen Arrays) ar- 
ranged on a scanning rod, each of said illumination mod- 
35 ules being optically connected to 8 light guides. The 192 
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fibres in all are connected to the same light source, 
e.g. a 1 kW Hg. short arc mercury lamp. 

The use of one long scanning rod, rather than illumina- 
5 tion of discrete areas, results in a continuous illumina- 
tion over the total cross-section of an illumination 
face, thereby obviating discontinuities or so-called 
buffer zones at boundary areas. 

10 Fig. 12 shows a sketch of an example of an illumination 
module 85 according to the invention, which basically 
corresponds to the illumination module 80 shown in fig. 
12 . 

15 The individual illumination zones 85 may be positioned 
mutually with an accuracy of about ± 1 |am. 

The illumination modules 80, 85 may e.g. be used in an 
image setter of the flat bed type with a resolution of 
20 2540 DPI. 

The illumination module 85 comprises eight hexagonal 
faces 87 which each comprise 400-600 microshutters (not 
shown) according to the invention and associated optics. 
25 Each hexagonal face is illuminated by collimated light 87 
from an optical fibre (not shown) . The optical fibres are 
connected to one or more UV light sources in the form of 
e.g. an Hg short arc lamp. 

30 The hexagonal faces 87 cooperate mutually so that the 
zones of overlap together form an illumination array cor- 
responding to the illumination array outside the zones of 
overlap . 

35 The microshutters of the hexagonal faces 87 are electri- 
cally connected to a control unit which provides the nec- 
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essary control data for the microshutters on the basis of 
e.g. an RIP (Raster Image Processor) . 

The geometrical shape of the illumination modules 85 en- 
5 sures that the modules may be built together in a simple 
manner to e.g. a scanning rod of the length that might be 
desired . 

Additionally, the face shape shown may advantageously be 
10 used for double exposure when this might be desired, as 
each point may be illuminated twice in a simple manner. 

Each of the shown illumination modules is illuminated by 
eight optical fibres (not shown) . 

15 

The illumination modules 85 may also be produced as com- 
pact modules with integrated collimation optics and opti- 
cal fibres, so that the modules are ready calibrated and 
"ready to go" by connecting the optical fibres to a light 
20 source in a simple manner, just as one or more electrical 
gates (not shown) may be connected to a basic control 
processor unit (not shown) . 

Fig. 13 shows a sketch of an example of an illumination 
25 module 95 according to the invention. The illumination 
module corresponds to the one shown in fig. 12 in its ba- 
sic shape, but with added spreading optics between the 
lower termination of the light channels and the illumina- 
tion area. 

30 

The illumination module 95 comprises eight hexagonal 
faces 97 which each comprise 400-600 microshutters (not 
shown) according to the invention and associated optics. 
Each hexagonal face is illuminated by collimated light 97 
35 from an optical fibre (not shown) . The optical fibres are 
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connected to one or more UV light sources in the form of 
e.g. laser diodes (not shown). 

The hexagonal faces 97 cooperate mutually so that these 
together form an illumination array capable of illuminat- 
ing the entire underlying illumination area at the same 
time without performing scanning. This type of flash ex- 
posure may e.g. be performed with a resolution of about 
50 ixm, 508 DPI and illumination spots of 50-100 (am. For 
flash exposure of e.g. a full A4 page, such an illumina- 
tion matrix must comprise a number of 4200 x 5940 mi- 
croshutters . 

Ideally, the individual illumination modules 95 should 
here be positioned with a mutual accuracy corresponding 
to about ± 1 jam on the projected image. 

The microshutters of the hexagonal faces 97 are electri- 
cally connected to a control unit which provides the nec- 
essary control data for the microshutters on the basis of 
an RIP (Raster Image Processor) . 

The geometrical shape of the illumination modules 95 en- 
sures that the modules may be built together in a simple 
manner to a complete illumination unit with the area ex- 
tent that might be desired. 

It should be noted that the light source in the example 
shown may be monochromatic, and each face shape may 
therefore be illuminated e.g. by laser diodes, as shown 
in fig. 3. 

It should also be noted that the layout of the individual 
shutter enclaves or face shapes may e.g. be square in- 
stead of hexagonal and in different sizes. 
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Fig. 14 shows a cross-section of the illumination modules 
95 shown in fig. 13. 

The illumination modules correspond to those shown in 
5 fig. 4 in their basic features, with the second microlens 
arrangement replaced by spreading optics 98 which spread 
the light beams C, 99 to light beams D T , 99 1 and focus 
these on the illumination plate 94. 

10 Fig. 15 shows a further example according to the inven- 
tion of how the light channels may be formed. 

For clarity, the shown light channels are shown in the 
same wafer plate. 

15 

A light channel 101 may thus be formed as two subcompart- 
ments which are etched in a wafer plate 100 of glass. 

Another light channel 102 may likewise be shaped as a 
20 cone in the same or another wafer plate 100. 

In the embodiments shown, the shutter plate associated 
with the light channel may be oriented at the side of the 
wafer plate where the cross-section of the light channel 

25 is smallest, as light from the light emitters or the il- 
lumination source (not shown) is typically focused on the 
shutter plate itself in order to achieve as discrete and 
rapid modulation over the entire associated illumination 
spot as possible. If the shutter plates are positioned on 

30 the underside of the wafer plate, the light channels will 
thus normally have the smallest cross-section on the un- 
derside (not shown) . 

It will be appreciated that in some respects the shown 
35 examples are simplified for illustrative purposes. This, 
however, does not restrict the invention in any way to 
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the matter described above, but exclusively serves to il- 
lustrate the overall fundamental features of the inven- 
tion. 

5 It will thus be appreciated that the invention can not 
only be used for the exposure of films or printing plates 
like in the examples shown, but may advantageously be 
used for the illumination of other types of light-sensi- 
tive materials in totally different applications. 
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PATENT CLAIMS 

1. An illumination unit for point illumination of a me- 
dium comprising at least one light emitter arranged to 

5 illuminate at least one illumination face via a mi- 
croshutter arrangement, said microshutter arrangement 
comprising a plurality of microshutters, each microshut- 
ter comprising a light channel and an electrically acti- 
vatable diaphragm device (4) associated with it, 

10 characterized in that at least one of the 
light emitters (1) is arranged to illuminate at least two 
microshutters via a first lens arrangement (2; 23), said 
lens arrangement comprising at least one microlens ar- 
ranged with respect to each microshutter so that the 

15 light emitted by the light emitter or emitters is focused 
on or in the vicinity of the optical axis of the light 
channel (6; 26) of the individual microshutters. 

2. An illumination unit according to claim 1, char- 
20 acterized in that it additionally comprises a 

second microlens arrangement (27) arranged between the 
microshutters and the illumination face, so that light 
transmitted through the light channel (6; 26) of the in- 
dividual microshutter is suitably focused on the illumi- 
25 nation face (9; 28) . 

3. An illumination unit according to claim 1, char- 
acterized in that at least one of the light 
emitters is formed by an optical light guide (13; 29) 

30 which is optically connected to at least one light 
source . 

4. An illumination unit according to claim 3, char- 
acterized in that the optical light guide (s) 

35 is (are) formed by optical fibres. 
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5. An illumination unit according to claims 1-4, 
characterized in that at least one of the 
light sources (10) is formed by a short arc lamp. 

6. An illumination unit according to claims 1-5, 
characterized in that the light source com- 
prises a short arc lamp (10) having light receiving opti- 
cal light guides or fibres (13) which are arranged within 
an angle of +/- 75° with respect to the equator axis (E) 
of the lamp on a ball face (11, 12) around the lamp, and 
which are optically connected to and conduct light to the 
light emitters. 

7. An illumination unit according to claims 1-6, 
characterized in that at least one of the 
light sources is formed by a laser source (21) . 

8. An illumination unit according to claims 1-7, 
characterized in that the activatable dia- 
phragm devices are formed by plates which are pivotally 
hinged to the microshutter arrangement. 

9. An illumination unit according to claims 1-8, 
characterized in that it comprises at least 
one light emitter in the form of a light guide (29) opti- 
cally connected to a light source and arranged to illumi- 
nate a plurality of microshutters arranged in a given 
face shape, at least one collimation lens (22) being ar- 
ranged between the light emitter and the face shape so 
that collimated light is conducted toward the first mi- 
crolens arrangement (2; 23) associated with the mi- 
croshutters . 

10. An illumination unit according to claim 9, char- 
acterized in that the face shape of the mi- 
croshutters forms a hexagon (32; 81; 87). 



WO 98/47048 



PCT/DK98/00155 



40 



11. An illumination unit according to claim 9 or 10, 
characterized in that the illumination unit 
comprises at least eight hexagons (81; 87) which each are 

5 illuminated by an optical fibre optically connected to an 
illumination source . 

12. An illumination unit according to claims 9-11, 
characterized in that the individual mi- 

10 croshutters with associated microlens optics are posi- 
tioned in rows in the transverse direction of the face 
shape with the microshutter s at a given mutual distance, 
said rows being mutually offset in the transverse direc- 
tion . 

15 

13. An illumination unit according to claims 9-12, 
characterized in that the rows are arranged 
such that the projection of all the individual microshut- 
ters on the transverse direction in the face shape re- 

20 suits in a plurality of illumination points at a mutual 
distance in the transverse direction. 

14. An illumination unit according to claims 1-13, 
characterized in that the first and/or the 

25 second lens arrangement (23, 27) is formed wholly or 
partly by hexagonal focal lenses. 

15. An illumination unit according to claims 1-14, 
characterized in that the face shape or 

30 shapes of the microshutters are arranged on one or more 
illumination heads (40), each illumination head (40) and 
the illumination face being adapted to perform a mutual 
relative movement, said device being also provided with a 
control unit for controlling the microshutters in depend- 

35 ence on the relative movement between the illumination 
head and the illumination face (41) . 
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16. An illumination face according to claims 1-15, 
characterized in that the illumination head 
is formed by a rod (30), the relative movement between 

5 the illumination face (41) and the rod (30) being a 
single progressing movement in the transverse direction 
of the rod (30) . 

17. An illumination unit according to claims 1-16, 

10 characterized in that each individual mi- 
croshutter is formed by an oscillating diaphragm element 
movable to and fro between two positions, said oscillat- 
ing diaphragm element being suspended so that elastic 
forces act toward an equilibrium position between the two 

15 positions, said illumination unit additionally comprising 
a control unit for controlling the oscillating diaphragm 
element by means of electrostatic forces, said diaphragm 
element blocking the light channel of the microshutter in 
one of the two positions. 

20 

18. An illumination unit according to claims 1-17, 
characterized in that the illumination unit, 
between the microshutter arrangement and the illumination 
face additionally comprises optical means (98) for 

25 spreading the light beams emitted by the light channels 
over the illumination face. 

19. A method of point illumination of a medium by means 
of at least one light emitter arranged to illuminate at 

30 least one illumination face via a microshutter arrange- 
ment, said microshutter arrangement comprising a plural- 
ity of microshutters , each microshutter comprising a 
light channel and an electrically activatable diaphragm 
device (4) associated with it, characterized 

35 in that at least one of the light emitters (1) is ar- 
ranged to illuminate at least two microshutters via a 
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first lens arrangement (2; 23), said lens arrangement 
comprising at least one microlens arranged with respect 
to each microshutter so that the light ^emitted by the 
light emitter or emitters is focused on or in the vicin- 
5 ity of the optical axis of the light channel (6; 26) of 
the individual microshutter. 

20. A method according to claim 19, character- 
ized in that the second microlens arrangement (27) is 
10 arranged between the microshutters and the illumination 
face so that light transmitted through the light chan- 
nel (6; 26) of the individual microshutter is focused 
suitably on the illumination face (9; 28) . 

15 21. A method according to claim 19 or 20, charac- 
terized in that at least one of the light emitters 
is formed by an optical light guide (13; 29) which is op- 
tically connected to at least one light source. 
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Fig.12 
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Fig. 14 
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